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Everything
which is not

forbidden is
allowed.

<The Once and Future King.
T.H.White>
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|dentification of prostate cancer grade is an increasingly
complex process

46% disagreement among pathologists in
prostate cancer report

Source: “Frequency and determinants of disagreement and error in Gleason scores: a population-based study of prostate cancer,” Prostate (2012)
Ahmed Serag, PhD
Digital & Computational Pathology
September 2018

innovation+ you pH I I.I pS
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- User behaviours o = by InDEx

(insights);
: - Stage transition E (- - .
i_: A i O (progress); o — s R0 Managlng Alcohol
MACH I N E -, - - Messaging (adherence); ' s [ Misuse by Automation

+ Note: Users do not directly

LEAR N I N G o g Eteniics with ML, - ra \ RE-WORK Deep Learning in Healthecare
' Summit, London 20" September 2018

Data problem: user persona
data (synthetic)

Dan Leightley Post-Doc Researcher
King’s Centre for Military Health Research

@_Dr_Daniel
ftreworkHEALTH

5 B y . :
Personalising the ‘message Does 1t actually work?
s Drinking days. 4.0 3.0 3.0 3.0
H Drink free days 3.0 4.0 4.0 4.0
l — / Llnits ner drinkine das: A6 6.5 454 4.7
b E _ - Units consumed 929.9 20.4 181 15.9
| Q Als'ohf)llc drinks per 2.0 3.0 20 2.0
drinking day
. Binge drinking days per . ] -
Users select push notifications and/or text messages weck 2.0 2.0 1.0 2.0
We randomly select the communication channel Median.

https://blog.re-work.co/
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Alexa, 6ffne
Smart Medication™

Sprachsteuerung fur das
digitale Patiententagebuch
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MEDICA 2019
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REINFORCMENT LEARNING FOR DRUG DISCOVERY
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Differentiable
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e Novel
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_p Discriminator \/ _
Training , ® Optimized
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Chemistry

Learning Filters
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QSymptomate Apps  English v m

Hello, I'm Your.MD
Spr— al Let me help improve
your health

What concerns you
about your health today?

Do you have any of these
symptoms today? Your.MD is a free service that uses Artificial
Intelligence to help you find safe health information

so you can make the best choices for your health.
Check your symptoms and find out

Headache worse on

what could be causing them. It's fast, looking at light Try It Now

free and anonymous.

stiff neck
Download App
Reduced vision
Start checkup

Vomiting

Send

'bqbylon About  Product Blog  NHS Download App =

GetAda> Medical Library ~ English *

Ask Babylon Talk to a doctor > Healthcheck

Your personal

health guide 3 \
I've got a really bad headache \
Created by doctors, scientists, and engineers to Hi, 'm Ada. and | don't know what to do... Com g soon

put free, Al-powered healthcare in everyone's

I can help if you're W problert; %
) o problem, lat me as}
hands) feeling unwell. B e s
Download on the QETITON.
App Store Google Play

Start symptom assessment

16



whenit’s less
urgent than 999

Call 111 if:

e You need medical help fast but it's not
a 299 emergency

e You think you need to go to A&E
or need another NHS urgent care service

e Youdon't know who to call or you don't
have a GP to call

e You need health information
or reassurance about what to do next

AVAILABLE 24 HOURS A DAY, 365 DAYS A
YEAR. CALLS ARE FREE FROM LANDLINES
AND MOBILE PHONES
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Babylon-Samsung collaboration to equip phones with Al-enabled

Babylon expands its Al technology to telemedicine app
mainland China

N sAmsuNG Ask an Expert
- L) powsred by % babylon

Babylon has partnered with a Chinese internet company to help deliver personal health
assessments and treatment advice across mainland China.

London-based Babylon, which powers the NHS's GP at Hand service, is providing its artificial

intelligence (Al) technology to Tencent's WeChat social messaging platform. - .
5 A & 2nep Al-enabled telemedicine app in Samsung smartphones

The deal means the one billion WeChat users can enter their symptoms to Babylon's app,

which will then send back healthcare advice.

For example, when a user describes his or her symptoms or conditions to the system,
Babylon's Al can analyse and form a personal assessment based on those inputs, while
making recommendations as to whether the user should seek further consultation with a
doctor.

The app comes preloaded on select Samsung mobile models in the UK. It
uses Babylon's software to provide live video chat with doctors and other
health-related services to the users in the country.

Visiting a clinic or a hospital isn't a pleasant experience for most of us; it becomes a major hindrance
for people with limited mobility. Thanks to Artificial Intelligence and innovations that it is making in
the digital health services sphere; a doctor is now available at the touch of your fingertip. 1 8
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1st generation

« General practitioner chosen because of the close distance

- Experience of a close person(family, relatives, friends), rumor

2"d generation

- Experience of a close person(family, relatives, friends), rumor

« Googling, Social network service, Smartphone suggestion Apps

3rd generation

« Smartphone/Smart speaker based interactive Al doctor apps

QIsI0t0jotoi 9y
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will be disappeared naturally.

Medical services that are not included in the DB of the Al
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Changes in Health record ownership

From Hospital To Patient

GET IT. CHECK IT. USE IT.

Healtﬁﬁ_jéo\*

YOUR

HEALTH
INFORMATION

Your Right to
Your Health
Information

Xl2: Health IT ZHO0|X|, HIPAA Right of Access Infographic®
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Changes in Healt

o
v HealthKit

From Ho

Integrate HealthKit into your health and fitness apps for

iOS and watchQOS to create a more seamless user

experience. When a customer provides permission for

your app to read and write health and activity data to
their Health app, your app becomes a valuable data

source and can deliver deeply informed health and

fitness solutions.

Mindfulness

Vista Physician Group (lllinois)
http://www.vistaphysiciangroup.com/

Wabash General (lllinois)
https://www.wabashgeneral.com/

Waterbury Hospital (Connecticut)
https://wwwwaterburyhospital.org/

Wayland Personal Physicians (Massachusetts)
https://waylandpersonalphysicians.com

Wayne HealthCare (Ohio)
https://www.waynehealthcare.org/

Weill Cornell Medicine (New York)
http://weill.cornell.edu

West Broadway Clinic (lowa)
http://www.westbroadwayclinic.com

Wheeling Hospital, Inc. (West Virginia)
https://wheelinghospital.org/default.aspx

Whiteville Eye Associates, P.A. (North Carolina)
http://whitevilleeye.com/

Winona Health (Minnesota)
https://www.winonahealth.org

Working For Life - Engineered Floors (Georgia)

WVU Medicine (West Virginia)
http://wvumedicine.org

Yale New Haven Health (Connecticut)
https://www.ynhh.org

Published Date: December 02, 2019

Helpful? [ Yes ] [ No ]

Start a Discussion
in Apple Support Communities

Ask other users about this article

l Submit my question to the community }

See all questions on this article »

Contact Apple Support

Need more help? Save time by starting your support
request online and we'll connect you to an expert.

Get started »

(3 Support Institutions that support health records on iPhone and iPod touch

Copyright © 2019 Apple inc. All rights reserved Privacy Policy ~ Termsof Use | Sales and Refunds

Site Map

& nited States

12l

L MEDICINE
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i Full Health Record collaboration between [+ Full Health Record throughout EU

.b, ‘
US and EU Access, share and update your health data
A health data platform developed for you using everywhere in Europe.
New York City best practice digital health records. > read more
> read more

3 Back pain and musculoskeletal disease fg‘% Back pain and musculoskeletal

\ \

treatment prevention
You oversee and manage all the data You are supported by digital devices during
corresponding to your treatment even if you prevention training allowing a sport scientist to
choose to visit a different medical center every monitor your training.
time. > read more
> read more

(e} Life and workplace, back pain prevention @) Caregivers workplace, back pain

. You as a worker are fully in control of preventing ‘ prevention
back pOin at work and at home with a medical You as a Carogivor are fu”y in control of
doctor on demand. preventing back pain at work and at home with a
> read more medical doctor on demand.
> read more
] Hospital workpiace, back pain prevention i W Regional hedith, tourists, preparedness,

You as a worker in an intensive care unit in a high
technology and robot-supported environment
are fully in control of preventing back pain at

work.

> read more

back pain prevention

You are one of many in a fully integrated

environment.

> read more
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Mahosot Hospital
LAOS

ST,

».z\i!. y

N.\‘
Center for Medical

Rehabilitation (CMR)
LAQS

Ministry of Health
JAMAICA

HOSPITAL

Bafia Hospital
CAMEROON

[ | GNUHealth con

0000

ARARAA

REGISTRATION

Some projects around the world

All India Institute of Centre of Medical
Medical Sciences (AlIMS) Research of Franceville
INDIA GABON

BIKOP

HEALTH CENTER

Bikop Health Centre Dr. Akbar Niazi Teaching
Cameroon Hospital
PAKISTAN

Y

oroto|otei el

KOREA INSTITUTE OF ORIENTAL MEDICINE

CRUZ ROJA
MEXICANA

Cruz Roja Mexicana
MEXICO

) W

MEDICAL CENTER

Sharab Medical Center
GAMBIA

N

N ]

UNER

Hospital San Martin
(UNER)
ARGENTINA

Centro de Salud
Humberto D'Angelo
ARGENTINA
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Virtual Human Digital Twin

=L Microsoft | Research Research areas .  Products & Downloads Programs & Events ~ People  Careers More « All Microsoft ~ O

Digital Me ék
B

Established: April 1, 2016

Digital Me (DM) aims to digitalize knowledge of each person for building her
personal “Avatar”, through which way the DM agent of each individual can
participate in digital work and life activities on behalf of this person for
improving her productivity. DM agent could be considered as extended and
never lose memory of each person. It can handle repeat work of each person
in digital format. It can participate in social communications on behalf of each
person.

28
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Virtual Human Digital Twin

patientslikeme | signin

PATIENTS CONDITIONS TREATMENTS SYMPTOMS RESEARCH
. .
Our Science DlgltaIMeTM

DigitalMe™ will combine multiple sources of your health data;
pulling together your experiential, environmental, biological
and medical information to create a digital version of you.
Based on your condition, what we’re seeing across conditions,
and what we’re learning from the data — we’ll choose from the
most advanced scientific resources available today like machine
learning to examine your RNA and DNA, your proteins,
antibodies, microbiome and metabolites. We're stretching the
limits of breakthrough technologies to find answers.

29
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Virtual Human Digital Twin

“ A virtual simulation model that predicts the occurrence
of diseases and symptoms through individual genetic
information and bio-signals, and further predicts
selection of treatment technology or selection of health
care services

y
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Virtual Human Digital Twin

VPH Institute /(.
& LOGIN

Building the Virtual Physiological Human

> ABOUT

‘ ) Avicenna Alliance |g ¢
» GOVERNANCE \ / Association far Predictive Medicine

> MEMBERSHIP

» COLLABORATIONS

> RESOURCES

>»MEDIA

VPH Conference >

AVICENNA ALLIANCE >

¢ HIGHLIGHT > ‘
o0 0000

05/04/2018
VPH2020 IN PARIS WELCOME TO THE VPH INSTITUTE
The VPH Institute is happy to We are an international non-profit organisation incorporated in READ MORE
announce that VPH2020, the Belgium, whose mission is to ensure that the Virtual Physiological

Human is fully realised, universally adopted, and effectively used
both in research and clinic.

next VPH conference on in
silico medicine, will be in
Paris, organised by Inria and
parmers.
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bl(_ﬁge(]rs Showcase Get Started Documentation ~ Community ~ Download Sign In Q, Search

BioGears

BioGears is an open source, comprehensive, extensible human physiology
engine released under the Apache 2.0 license that will drive medical
education, research, and training technologies. BioGears enables accurate
and consistent physiology simulation across the medical community. The
engine can be used as a standalone application or integrated with simulators,
sensor interfaces, and models of all fidelities.

VWhat Can BioGears Do?

Several features set BioGears above the rest:

* BioGears includes mathematical models for a wide range of systems,
medical interfaces, and substances for real-time retrieval of accurate
physiology state.

e The common data model includes standard inputs, outputs, units,
conversions, and naming conventions that make model additions and
product integration quick and easy.

of users. Explore showcase scenarios, participate in the forums, and use

Fa
* Qur website is a place for discussion and sharing among our community G ]

the tutorials to guide BioGears integration.

* A full-featured API, SDK, code-based documentation, and tutorial
examples make BioGears easy to understand and use. Rigorous
validation methods ensure accurate model output.

Y
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71 Me|std Q1H|(Digital Twin)2| S

Scenario Timeline

INSULT Heat StrOke

Environment Change 0:00 min
The heat stroke scenario simulates the body's temperature regulation system. This scenario highlights the ability of the BioGears®

Comment: High altitude
physiology engine to simulate the energy exchange between the human body and the environment.

Conditions File: CheyenneMountainAprilCool.xml|

See the Validation Matrix for more details about the narrative and validation of the combined insult and intervention physiologic

INSULT - effects.
1:00 min o Exercise
Comment: Moderate hiking i . . ¥ A en T =
N + (] = =, '3 SCale Y-
e i P Play Playback Speed: 16x M Auto Scale Y-Axis I Lock Y-Axis Scale Full Scale Y-Axis
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Machine Learning for
Subphenotype Discovery

Danielle Belgrave
Healthcare Machine Learning

,@DaniCMBelg

Randomised Control Trial:
h to Drug Discovery

ome:
ups are measure:

Population is split into 2
groups by random allocation
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Need For Personalised Treatment and
Management Strategies

Generalised Framework for
Identifying Disease Endotypes

Parsimonious description
of the data inferred from
what is observed
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Probabilistic Programming: Eco-systems for
tool for identifying latent structure Probabilistic Programming

Probabilistic reasoning system The ?\!id.em:e cor!tains E dwa rd
The probabilistic model specific information about Observed values

expresses general a situation PV ro )
Snoserge shouts B N Probabilistic Stan (data,priors]

situation
program

The inference algorithm .
uses the model to answer Infer.NET Inference Engine

queries given evidence _\

The answers to queries are ‘v /

framed as probabilities of
The queries express the Proba bl|lt\/

different outcomes / Answer
things that will help you

The basic components of a probabilistic reasoning system make a decision distributions

Adapted from Pfeffer, Avi. "Practical > e Inductive Logic Springer Berlin Heidelberg, 2010.

Asthma Endotype-Dependent Response
to Treatment

5 distinct subtypes

Distinct genetic and
environmental characteristics

Distinct allergic responses

6 7

4 5
2 Age (Years)

4
Age (years)

Distinct triggers

No Wheeze (n=632) Early-onset Wheeze (n=162) : e -
Late-onset Wheeze(n=198) Parsistent Controlled Wheeze (n=155)

sefff= Persistent Troublesome Wheeze (n=38)

Traruioct Eaty-crast Whaate {pe121)

Danielle CM Belgrave, Angela Simpson, Aida Semic-Jusufagic, Clare S. Murray, lain Buchan, Andrew Pickles, and Adnan Custovic.

PDanielle CM Belgrave, Angela Simpson, Aida Semic-Jusufagic, Clare S. Murray, lain Buchan, Andrew Pickles, and Adnan Custovic.
“Joint modeling of reported and physici irmed wheeze identifies children with persistent troublesome wheezing.” Journal of Allergy and Clinical Immunclogy 132, no. 3 (2013): 579

Joint modeling of parentally reported and physician-confirmed wheeze identifies children with persistent troublesome wheezing." Journal of Allergy and Clinical Immunelogy 132, no. 3 (2013): 575-
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Disaggregating Symptom Heterogeneity

Eczema

. y 3 ’ Persistent Eczema and Persistent Eczema with
Wheeze No Disease (n=5023) Atopic March (n=302) Wheeze (n=266) Later-onset Rhinitis (n=456)

51.2% 3.1% 2.7% 4.7%

Rhinitis =——

1

i

T e = T T T v =T T T T T

11 11

% Children with Disease
0 20 40 60 80 100
0 20 40 60 80 100
0 20 40 60 80 100

Prevalence (%)

3 5 8 ik i1 3 6§ 8 3 5 8 3 5 8
Age (Years) Age (Years) Age (Years) Age (Years)

Persistent Wheeze with _ _ Rhinitis Only (N=936
Later-onset Rhinitis (n=556) Transient Wheeze (n=755) Eczema Only (n=1506) Y ( )

Age (Years) 5.7% 7.7% 15.3% 9.6%
The “Allergic March” reflects patterns at the
population level, rather than the natural
covariance of symptoms within individuals’
life courses

0 20 40 60 80 100
i
|

0 20 40 60 80 100

|
|

% Children with Disease
0 20 40 60 80 100
4__4,_‘L_‘A

i
|
|
\
0 20 40 60 80 100

"i
EN
|

|

s

T T T ' T

11

-

3 5 8 11 3 5 8 3 5 8 11
Age (Years) Age (Years) Age (Years)

Developmental profiles of are

heterogeneous Wheeze Eczema Rhinitis

From: Developmental Profiles of Eczema, Wheeze, and Rhinitis: Two Population-Based Birth Cohort Studies. PlosMedicine 2014
Danielle CM Belgrave, Raquel Granell, Angela Simpson, John Guiver, Christopher Bishop, lain Buchan, A. John Henderson, and Adnan Custovic




Non invasive
artificial pancreas

Improved performance with training

1.4 mmol/L
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Gathers data from
wearable sensors

What can | have for

lunch today?

+ 15g of CHO
* 30% complex CHO
* 3.9-8.0 mmol/L

Algorithm’s output
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1st generation

- Based on the experience (self, parents, senior etc.)
« Separated with hospital

2"d generation

- Based on the information by googling

« Gradually contributed by hospital with wearable healthcare devices

3rd generation

- Based on the simulation model by Virtual Human Digital Twin

« Boundary disappearance of hospitals and daily health care

Bio signal which is not used for the simulation of Digital

twin will not be collected and not used in healthcare also.

EEEEEEEEEEEEE
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From Hospital-Centered To Patient-Centered
(Modernized House Call)

Home Health Hub Patient and Autonomous Patient Care Team Medical Institutions
and Devices Mobile App Vehicle Population and Specialist and Society

40
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Changes in Medical insurance

Amazon is now offering virtual health
care to its employees

Amazon Care offers medical care on the go

By Mary Beth Griggs | Sep 24, 2019, 5:31pm EDT

f W [ sHare

The company has also been focused on the health of its internal health
Insurance program. Last year, it teamed up with Berkshire Hathaway and JP
Morgan to create a new health care company for the three organizations’
employees, a move that was explicitly designed to combat rising health care
costs. That decision was cheered by telemedicine companies soon after the
announcement, who anticipated a shift toward virtual services, like Amazon Care.
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Disassembling of Current Medical Service

N
All in One Service
Individual Human Simulation model
Hospital Centered Care
y,
N

Individual Service
Integrated Al Simulation Model
Insurance Centered Care
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The Locomotives on Highways Act (Red Flag Act)
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Suggestion for “Preparing for the Future Medical Age”

1. Bigdata X2} o|&7|7] 4 X[ &
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Suggestion for “Preparing for the Future Medical Age”

2. °| = Bigdata
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Suggestion for “Preparing for the Future Medical Age”
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